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ABSTRACT

The increasing use of emerging technologies in
healthcare simulation, particularly virtual reality, has
caused in increase in both use and misuse. It is the
exploration and study of these types of technology that
are key to their success—or failure—in simulation
learning and teaching. Therefore, this exploratory

study evaluated the most common perceived side

effect of virtual reality, that of cybersickness. A total of
n=60 undergraduate healthcare students participated

in one of four identical learning outcome simulation
events, using different simulation techniques. This study
compared these four common simulation tools, high-
fidelity manikin, standardised patient, video case study
and 360-degree virtual reality video, and analysed the
self-reported cybersickness symptoms. The results show
that some virtual reality tools, in this case 360-degree
video, are no more likely to provoke cybersickness
symptoms than the other simulation methods used in
this study. In addition, virtual reality is reported as less
fatiguing than other methods of simulation learning.
Virtual reality technologies may be a useful addition to
the spectrum of simulation tools and techniques currently
in use. This study suggests that there is no greater risk of
cybersickness symptoms and this potential barrier to use
is not borne out by this study.

INTRODUCTION

If the goal of virtual reality is immersing a learner,
via multiple sense inputs, to create an illusion of
being present in a simulated environment, then
this surely is the goal of simulation as a pedagog-
ical tool in healthcare. To what degree the learner
is immersed depends on a number of factors, but
mostly relate to the clarity, and reality, of the virtual
environment. As part of this, virtual reality is seem-
ingly the answer to the harassed simulation educa-
tor’s prayers. No more manikins or standardised
patients. The endless replicability of learning envi-
ronments and immersive experiences, enjoyed both
by students and those who fund new and emerging
technologies alike. There are no physical constraints
in the virtual reality environment, with the limits of
imagination bounding the healthcare simulation of
the future. However, in reality, virtual reality may
have some impactful physical limitations. As virtual
reality has evolved over the last decades, a key nega-
tive side effect of its use has been the feeling, similar
to motion sickness, called cybersickness.! Physiolog-
ical mechanisms that cause cybersickness are poorly
understood but the emetic chemoreceptor trigger

zone has been shown to be non-essential for motion
sickness vomiting and a different mechanism.”

Cybersickness

Cybersickness is a feeling of sickness or a feeling of
malaise due to exposure to virtual reality. However,
it is often confused with vection; this is the illusion
of self-motion when experiencing visual motion
information. This is a related but entirely distinct
phenomenon.’ The symptoms of cybersickness are
varied and subjective in that they are subjective
according to the user. The symptoms may include
dizziness, nausea, eye strain and/or a feeling of
fatigue. There is some evidence that observing
virtual reality, rather than actively taking part,
is more likely to provoke motion sickness. This
phenomenon has been noted in car passengers,
who seemed to suffer motion sickness more than
drivers.* However, scant evidence exists to support
the ‘watching’ rather than ‘doing’ provocation of
cybersickness.

Simulator Sickness Questionnaire

Therefore, the consideration of the impact of
cybersickness in healthcare simulation learning
and teaching may be to understand its psycholog-
ical construct rather than its physiological triggers.
This is where the Simulator Sickness Questionnaire
(SSQ)’ may be useful. This questionnaire is the
standard measure of the psychological construct of
cybersickness, in other words, the subjective nega-
tive psychological effects of using virtual reality. The
SSQ was developed to measure feelings of sickness
in military pilots when using simulators. A 28-item
questionnaire was given both before and after
over a thousand simulated flights in 10 different
flight simulators.® Items that had a low frequency
response were eliminated from the questionnaire,
and principal-factors analysis and normalised
varimax rotation were carried out, leaving a three-
factor, partially independent solution.

360-Degree video

Omnidirectional video, also called 360-degree
video or 360 video or virtual reality video, is the
production of a video sphere where the user’s head
or point of view is in the centre of that sphere. Users
have the ability to look around in 3DOF (three
degrees of freedom); this is achieved by capturing
all the possible angles in any scene using multiple
cameras and then ‘stitching’ the images together to
create an equirectangular image or video that can be
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Figure 1

viewed in virtual reality headsets. The video used for this study
was 30 fps (frames per second) and was shown on Samsung S6
and Gear VR (5.1-inch display with a 1440%x2560p Quad HD
resolution) along with the Pico Goblin (5.5” Super-fast TFT
LCD Resolution 2560 1440). A screenshot of the environment
used for this experiment is shown in figure 1.

METHOD

Although the analyses used for this non-parametric test violates
the assumptions for the common Cohen’s formula for sample and
effect size, other tests are available and well evidenced.” Therefore,
Rosenthal’s calculation for the Wilcoxon matched-pairs signed-
rank test was used to calculate sample size.® This was based on
an significance ‘o’ level of 0.05. Based on this sample calculation,
participants were purposively sampled from currently enrolled
cohorts of all undergraduate health courses at Coventry University,
who took part in interprofessional education simulation days or
health leadership learning group (n=65), and randomly allocated
to either the 360-degree video ‘virtual reality-VR’ learning condi-
tion or non-360-degree video simulation ‘non-VR’ learning condi-
tion. Therefore, of the total number of students who took part
(n=65), n=62 completed the survey, with n=2online responses
discarded, due to duplicated Internet Protocol (IP) address.

The non-VR learning condition had three subconditions:
manikin or standardised patient or video case study condition.
The simulation learning outcomes were identical in all conditions
and all simulations lasted 30 min, including debriefing time. The
learning outcomes were based on the 2016 version of the Core
Competencies for Interprofessional Collaborative Practice.”

All participants completed the SSQ immediately after partic-
ipation in one of the four simulation conditions. To ensure
response bias was minimised, participants were unaware of the
nature of the SSQ or the cybersickness aspect of the study, and
the questions were framed as an evaluation of the simulation
event as a whole and not as any one tool. The responses were
collected via anonymous QR matrix bar code linked to an organ-
isation-supported Bristol Online Survey data collection tool. The

Screenshot of 360-degree pharmacy environment used in this study.

Simulator Sickness Survey was converted to a web form, but
all items and response options were identical to the hard-copy
version.

RESULTS

The final number of participants was n=60, randomly allocated to
one of four conditions: 360-degree video (n=30), non-360-degree
video—manikin (n=10), non-360-degree video—standardised
patient (n=10) and non-360-degree video—video case study
(n=10). The table grid (figure 2) shows the analysis of cybersick-
ness symptoms, as outlined in the SSQ in the 360-degree video
‘VR and non-360-degree video ‘non-VR’ conditions.

The results of the responses to the SSQ for all four conditions,
split equally between the VR and non-VR groups, were anal-
ysed using the non-parametric Wilcoxon matched-pairs signed-
rank test. This non-parametric test was used as no assumptions
were made about the normality of distribution of the data.
The results of this analysis can be seen in figure 3. Using the
alpha level outlined, the fatigue symptom of participants in the
non-VR condition is statistically significantly higher than those
in the VR condition (Z=-3.20, p=0.001). No other statistically
significant effects between conditions were found (Z=-0.95to
—1.80, p=0.071t0 0.339).

DISCUSSION

This study sought to determine the level of cybersickness symp-
toms in common simulation learning and teaching tools, specifi-
cally 360-degree video, manikin, standardised patient and video
case study. The results of this study indicate that there are no
greater self-reported symptoms of cybersickness when using a
virtual reality tool compared with the other three common simu-
lation tools.

This is contrary to the general acceptance that virtual reality,
and in particular, virtual reality used while wearing a headset,
provokes negative symptoms.'’ ' These negative symptoms,
known collectively as cybersickness, can be seen as a barrier to
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Figure 2 Comparison of VR and non-VR cybersickness symptoms reported.

the use of this emerging technology and is generally regarded as
its main impactor as a useful tool.!* This is not borne out by the
findings in this study and no increase in symptoms was reported
by participants in the virtual reality condition. Whether this is
due to the photorealism aspect of this tool or the image refresh
rate or alteration to field of view'? needs further exploration.
However, the key finding, as seen in this study, in that most
of the symptom items, the differences in reported issues were
negligible or not statistically significant, meaning that, in
this type of photorealistic virtual reality, cybersickness is not
a negative impactor on its use. An additional finding was a
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statistically significant increase in self-reported fatigue reported
in those participants in the non-VR group. Meaning that other,
non-360-degree video, simulation tools were reported as more
fatiguing for participants. This is, therefore, part of the start of a
discussion on the use of virtual reality tools in healthcare simula-
tion, and one that will evolve as the technologies evolve.'*

CONCLUSION
In conclusion, this experiment shows that, in this study, partic-
ipants were no more likely to suffer cybersickness than when
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SSQ Symptom Wilcoxon Test Result

General discomfort Z=-1.09,p=0.272
Difficulty focusing 7Z=-1.09, p=0.272
Difficulty concentrating Z=-1.09,p=0.272
Dizziness (eyes closed) Z=-0.95, p=0.339
Fatigue Z=-3.20, p =0.001
Increased salivation Z=-151,p=0.130
Fullness of head Z=-1.50,p=0.132
Vertigo Z=-0.95, p=0.339
Headache Z=-0.95,p=0.339
Sweating Z=-1.80, p=0.071
Blurred vision Z=-0.95, p=0.339
Stomach awareness Z=-0.95, p=0.339

Eyestrain Z=-0.95, p=0.339
Nausea Z=-1.09,p=0.272
Dizziness (eyes open) Z=-0.95, p=0.339
Burping Z=-1.09,p=0.272

Figure 3 Wilcoxon matched-pairs signed-rank test results for
Simulator Sickness Questionnaire (55Q) data.

using other, well-established, simulation tools. Therefore, this
should not be a barrier to its use and evaluation as a healthcare
simulation learning and teaching technique. The next phase
in this research project, which is ongoing, is an evaluation of
cybersickness symptoms in more immersive realities, specifi-
cally room-scale virtual reality; results will be disseminated.

In addition, further study is required to evaluate virtual reality
as a useful tool for cognitive change, and it is not merely suffi-
cient that these technologies do not cause negative effects; the
next step is to evaluate their positive effects.
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